The a (62,000-dalton) and 1 (49,000-dalton) subunits of Methanosarcina barkeri ATPase were purified to homogeneity. The subunits and ATPase complex were trypsinized in the presence of various nucleotides. ATP and ADP changed the trypsin sensitivity of the a subunit in the complex and isolated forms, suggesting the presence of a nucleotide-binding site in the a subunit.
The a (62,000-dalton) and 1 (49,000-dalton) subunits of Methanosarcina barkeri ATPase were purified to homogeneity. The subunits and ATPase complex were trypsinized in the presence of various nucleotides. ATP and ADP changed the trypsin sensitivity of the a subunit in the complex and isolated forms, suggesting the presence of a nucleotide-binding site in the a subunit.
Methanogenic bacteria are considered to synthesize ATP by a chemiosmotic mechanism (1, 3, 13) . Acid-induced ATP synthesis observed in Methanosarcina barkeri cells is inhibited by N,N'-dicyclohexylcarbodiimide (13) , a specific inhibitor of ATP synthase (4) . We previously found N,N'-dicyclohexylcarbodiimide-sensitive ATPase in membranes of M. barkeri and purified this ATPase after solubilization with dilute buffer containing EDTA (7) . The properties of the ATPase were similar to those of F1 ATPase, but its subunit composition and inhibitor sensitivities were different from those of typical F1 ATPase (4). The ATPase of M. barkeri consisted of only two types of subunits, with molecular weights of 62,000 (a subunit) and 49,000 (,B subunit), and it was not inhibited by NaN3 or 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole.
In this study, we compared the trypsin sensitivities of the ot and , subunits in their isolated forms and within the ATPase complex and found that the conformations of both subunits changed upon nucleotide binding. Our results also suggest that at least part of the nucleotide-binding site is present in the cx subunit.
Isolation of the a and 0 subunits from purified ATPase. M.
barkeri MS (DSM 800) was grown in medium containing methanol (5) . The ATPase was solubilized from membranes and purified as described (7), except that the enzyme was concentrated by high-performance liquid chromatography on a DEAE-5PW column. The enzyme solution (5 mg of protein per 1.3 ml of 50 mM Tris hydrochloride [pH 7.2]-1 M NaCl) was rapidly frozen at -50°C. After 20 min, the frozen sample was thawed at 25°C, concentrated to 50 RI by centrifugation in a Centricon-10 tube (Amicon Corp., Lexington, Mass.), and diluted 10-fold with distilled water. The dissociated subunits were separated by high-performance liquid chromatography on a TSK DEAE-5PW column (7.5 by 75 mm). Essentially equimolar amounts of the a and i subunits were eluted from the column with 0.40 and 0.45 M NaCl, respectively (Fig. 1) . Total recovery of the protein was about 65%.
The purified subunits gave a single bands on sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE). The amino-terminal residues of the ax and f subunits were methionine and valine, respectively. Neither the individual subunits nor the two in combination showed any ATPase activity, and no reconstituted ax, complex could be detected by gel filtration chromatography. Since no ATPase activity could be restored after freeze-thawing of the crude * Corresponding author.
or the purified enzyme (7), some unidentified membrane component(s) may be necessary for assembly; it is also possible that the regions of the two subunits required for assembly are altered during isolation.
Effects of nucleotides on digestion of the a subunit. The a subunit was incubated with tosylamide phenylethyl chloromethyl ketone (TPCK)-trypsin (Sigma Chemical Co., St. Louis, Mo.) and analyzed by SDS-PAGE. The subunit was cleaved to smaller fragments in the absence of nucleotides (Fig. 2, lane 2) . In the presence of 1 mM ATP, the major cleavage product was a fragment with a molecular size of 54,000 daltons (Fig. 2, lane 3) . The amount of this fragment was much greater in the presence of ADP (Fig. 2 , lane 5) than in its absence. Mg2+ (2 mM) enhanced the protective effects of ATP and ADP (Fig. 2 , lanes 4 and 6), but Mg2+ alone had no effect (data not shown). AMP, UTP, CTP, and GTP (1 mM) did not have protective effects in the presence or absence of Mg2+ (Fig. 2, lanes 7 through 10) . ATP and ADP had protective effects at concentrations of more than 0.1 and 0.01 mM, respectively, in the presence of Mg2+.
Their concentrations for half-maximal protection were 0.2 to 0.3 and 0.04 mM, respectively. Since the ATP concentration was comparable to the K,m (0.31 mM) for ATP hydrolysis of the enzyme, the protection observed did not seem to be due to a nonspecific effect of Mg2+ and ATP. These results indicate that the binding of ATP or ADP to the isolated a subunit masked the trypsin-sensitive site(s) of this subunit and that Mg2+ enhanced this effect.
The a subunit in the ATPase complex was cleaved only slightly by trypsin (Fig. 3, lane 2) . The amount of the 54,000-dalton product was increased in the presence of ATP or ADP (Fig. 3, lanes 3 and 5) , although the effects of ATP and ADP were less prominent than with the isolated subunit. These effects were not observed in the presence of AMP, CTP, UTP, or GTP. Addition of Mg2+ with ATP or ADP enhanced cleavage of the a subunit and accumulation of the fragment (Fig. 3, lane 4) . Densitometric analysis of the protein bands indicated that the sum of the amounts of undigested a subunit and the 54,000-dalton fragment was essentially the same as the initial amount of the cx subunit before digestion (data not shown). These results indicate that the a subunit in the ATPase tides resulted in formation of a smaller fragment (Fig. 4) . The addition of Mg2" and of less trypsin did not alter the proteolytic pattern. On the other hand, the a subunit in the ATPase complex was less sensitive to trypsin (Fig. 3, lane  2) , whereas in the presence of Mg-ATP a 46,000-dalton fragment was produced, possibly from the 3 subunit (Fig. 3 ATPases have recently been purified from other archaebacteria, but the properties of their subunits have not been studied in detail (8, 9, 12, 14) . Isolated subunits from M. barkeri ATPase have properties similar to those from Escherichia coli F1 ATPase (4): breakdown of the a subunit with trypsin is protected by ATP, ADP, and AMP-PNP, whereas digestion of the ,B subunit from E. coli F1 ATPase is essentially the same in the presence and absence of these nucleotides (15) . In contrast to its effect on the a subunit from E. coli F1 ATPase, Mg2+ had a significant effect in protecting the isolated a subunit from M. barkeri. Since Mg2+ is required for ATPase activity, the nucleotide binding site in the a subunit may be part of the catalytic site. Typical affinity-labeling reagents, e.g., 8 -azide ATP and 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole, did not inhibit the ATPase activity, which suggests that the structure of the nucleotidebinding site in M. barkeri ATPase may be different from that in F1 ATPase. In this regard, it is of interest to determine the primary structures of the two subunits of M. barkeri ATPase, since homologous sequences were found in F1 ATPase (6) and in archaebacterial (Sulfolobus acidocaldarius) ATPase (2) .
